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ABSTRACT 


Thu  major  objactivaa  of  thl ■  raaaarch  program  ara  to  avaluata  nawly  davalopad 
atructural  matarlala  of  potantlal  Air  Foroa  waapona  ayatama  intarait  and  than  to  pro- 
vida  data-ahaat-typa  praaantatlona  of  mtchanlcal  data.  Tha  firat  yaar'a  affort,  oovarad 
in  thla  raport,  haa  concantratad  on  TD  Nlckal,  HP  9-4  ataala,  AFC-77  ataal,  and 
Lockalloy  (62Ba-38Al). 

Tha  machanical  propartiaa  lnvaeiigiitad  includad  tanalla,  compraaaion,  ahaar, 
band,  fractura  loughnaaa,  fatiguo,  craap,  and  atraaa  corroaion  at  appropriata 
tamparaturaa. 
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INTRODUCTION 


backgrouna 

Increased  performance  requirements  of  Air  Fores  weapons  systems  make  the 
••lection  of  materials  having  optimum  characteristics  vitally  important.  Frequently 
the  requirements  are  such  that  the  most  suitable  alloys  are  either  in  the  final  develop¬ 
ment  stages  or  have  Just  become  commercially  available. 

However,  since  these  alloys  are  new,  there  may  not  be  adequate  mechanical- 
property  information  available  for  aircraft  and  aerospace  companies  to  acknowledge , them 
as  candidate  materials.  The  Air  Force  in  recognition  of  this  nsed  initiated  a  program 
at  Battelle  for  obtaining  engineering  data  on  selected  newly  developed  alloys.  The  ex¬ 
pectation  is  that  such  data  could  serve  to  stimulate  interest  in  the  exploitation  of  these 
materials  for  advanced  structures, 


Objective 

The  primary  objective  of  this  program  is  to  obtain  comparative  engineering  data 
for  newly  developed  structural  alloys  using  standardised  teats  procedures,  where  avail¬ 
able,  for  standard  test  conditions, 

The  first  years'  effort,  covered  in  this  report,  has  concentrated  on  six  combina¬ 
tions  of  materials  and/or  material  treatments,  The  materials  aret 

(1)  TD  Nickel  sheet 

(2)  HP  9-4-25  plate 

(3)  HP  9-4-43  plate 

(4)  AFC-77  sheet  (two  heat  treatments) 

(3)  Lockalloy  (62Be-39Al)  sheet. 

The  metallurgical  conditions  selected  for  evaluation  are  described  in  a  later 
section, 

The  program  approach  was  to  search  published  literature  and  to  contact  the  metal  ^ 
producers  for  pertinent  data.  Tests  were  scheduled  to  fill  in  gaps  in  the  existing  In-  \ 

formation.  Then,  upon  completion  of  each  material  evaluation  plans  call  for  issuing  a 
uniform  mschanical-propsrty  data  sheet  with  associated  graphs.  Detailed  information 
concerning  the  properties  of  interest  and  test  techniques  are  described  in  subsequent 
sections, 
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II 


er  Anm 


Teat  Material! 


Thta  section  contains  information  supplied  by  the  vendors  for  all  the  materials 
acquired  during  the  first  year  of  the  program.  Included  for  a  ich  material  are  the 
source,  condition,  chemistry,  and  mechanical-property  data  as  furnished. 


TD  Nickel  Sheet 

Sources  E.  I.  du  Pont  de  Nemours  and  Company,  Inc, 
Formt  0,  060-inch  sheet 
Heatt  1254  and  1287 
Condition!  Stress  relieved 


Chemical  Composition,  percent 

Heatt 

1254 

1287 

Carbon 

0.0012 

0.0035 

Titanium 

<0,001 

<0.001 

Iron 

<0.01 

0.01 

Chromium 

<0,  01 

<0,01 

Cobalt 

<0.  01 

<0.01 

Copper 

<0. 001 

0.003 

Sulfur 

0. 0013 

<0.  001 

ThOz 

2.  3 

2.3 

Vendor  Test  Report 


Test 


TanatleU) 
Ultimate  Tensile 


0,  2%  Yield  Elongation  in 


Heat 

Temperature,  F 

Strength,  ksi 

Strength,  ksi 

1  Inch,  pa 

1254 

RT 

63.  6 

45.8 

16.8 

2000 

13.6 

12.9 

5.0 

1287 

RT 

'  64.  3 

48.6 

17.0 

2000 

13.  2 

12.4 

6.0 

<*)  Tfsmvcns  oiWnUtiun. 


2 


_ Streee  Rupture^*) _ - 

Teat  Elongation  In 


Heat 

Temperature,  F 

Street,  kai 

Life,  hr 

1-Inch,  percent 

1254 

2000 

5.0 

>20 

2.  1 

1287 

iuuu 

5.  5 

>20 

4.8 

(»)  Tr»niv*n»  orientation. 


HP  9-4-25  Plata 

Source:  Republic  Steal  Corporation 
Form:  0,  25-inch  plate 
Heat:  393  102 1  air  me.'t,  VAR 
Condition:  Hot  rolled  and  annealed 


Chemical  Compoeltlon,  percent 


Carbon 

0.27 

Nickel 

8.26 

Manganeee 

0,27 

Chromium 

0.41 

Phoephorue 

0,004 

Molybdenum 

0.49 

Sulfur 

0,009 

Vanadium 

0.07 

Silicon 

0.01 

Cobalt 

3.90 

HP  9-4-45  Plate 

Souroei  Republic  Steel  Corporation 
Formt  0,  29-inch  plate 
Heatt  3931141  air  melt,  VAR 
Conditioni  Hot  rqllad  and  annealed 


Chemical  Compoeltlon,  percent 


Carbon 

0.  i6 

Nickel 

7.73 

Manganeee 

0.  19 

Chromium 

0.  32 

Phoephorue 

0,003 

Molybdenum 

0.  29 

Sulfur 

0,006 

Vanadium 

0.09 

Silicon 

0,01 

Cobalt 

4.03 
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AFC-77  Shoot 


Source)  Crucible  Steel  Company  of  America 
rotmi  3- l/Z-lnch  plate 
Heat:  74096 

Condition:  Hot  rolled  and  annealed  ! 


Chamloal  Compoeition 
0.  15  l 


Carbon  0. 15 
Manganese  0,24 
Phoaphorua  0,010 
Sulfur  0.018 

Silicon  0,21 


Nickel 

Chromium 

Vanadium 


0.  12 
13.84 
0.23 


Molybdenum  5,05 


Cobalt 


13.44 


Nitrogen  0. 06 


Source:  The  Beryllium  Corporation  (l  _ 

Form:  0.062-lnoh  cheat 
Lott  63-6,  65«13|  69*7 

Condition:  Annealed  24  hour  a  at  1100  F and  etched 

Etching  Solution:  15  percent  nitric  acid  by  volume 

2  peroent  hydroAouric  acid  by  volume 
Balance  -  deioniaed  water 


a 


}. 

,  V.  Jl  !  J 
„  - 


*v; . -tfcv 


■V 


.  .  t 


Vendor  Teat  Report 


Room- Tampa  raturi 
ltimate  Tenelle 


KrlllUiluKOI 


Elongation, 


—I  till  Ml 


Processing  and  Heat  Treating 


Procaaetna  anrt  h«at  t.'aatinn  ?5.ttdlc, 


.v.  ..  »»... 
*-v 


iwuucuifiH 


to  vendor  recommendations.  The  treatments  used  for  each  of  the  materials  In  the 
program  were  at  follows; 


TD  Nickel  Sheet 

(l)  Evaluated  in  the  a»- received,  etreat- relieved  condition. 


HP  9-4-25  Plata 


(1)  Treatment  of  machined  epeciment 

(a)  Normalised  1  hour  at  1600  F  in  protective  atmosphere  and 

air  cooled 

(b)  Austenitised  1  hour  at  1925  F  in  protective  atmosphere  and 
oil  quenched 

(c)  Double  tempered  2  houre  each  at  1025  F. 

HP  9-4-45  Plate 

(1)  Treatment  of  machined  specimen! 

(a)  Normalised  1  hour  at  1600  F  in  protective  atmosphere  and 
air  cooled 

(b)  Austenitised  1  hour  at  1475  F  in  protective  atmosphere 

(e)  Quenched  in  ealt  bath  at  475  F  and  tampered  at  475  F 
for  7  houre. 


AFC-77  Sheet 

(1)  Hot  rolling  of  billet  (processed  at  Battelle) 

(a)  Soaked  et  1900  F  for  2  houre 

(b)  Heeted  to  2100  F  and  transferred  to  rolls  within  1/2-hour 

(c)  Rolled  with  maximum  reduction  per  paee  lees  than 
19  percent  of  thickness  obtelnsd  for  prsceding  pees 

(d)  Minimum  rolling  temperature  1600  F  (reheated  to  2000  V 
when  necess try) 
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(e)  Sixty  two  panea  were  required  to  reduce  3-1/2-lnch  billet 
to  0.  1 1-inch  sheet 

(f)  Pickled  in  10  percent  H2SO4  at  150  F 
(i)  Treatment  of  rolled  aheet  for  machineability 

(a)  Auatenitiaed  15  mlnutea  1900  F  in  protective  a*mosphere  and 
oil  quenched 

(b)  Double  tempered  2  houra  each  1400  F 

(3)  Treatment  for  Group  I  (machined  apecimens) 

(a)  Auetenitiecd  15  minutes  1900  F  in  protective  atmosphere 
and  oil  quenched 

(b)  Subeero  quenched  at  -100  F  for  1/2  hour 

(c)  Double  tempered  2  houra  each  at  700  F 

(4)  Treatment  for  Oroup  11  (machined  tpecimena) 

(a)  Auatenitiaed  15  minutes  1900  F  in  protective  atmoephere  and 
oil  quenched 

(b)  Subeero  quenched  et  -100  F  for  1/2  hour 

(c)  Double  tempered  2  hours  each  at  1100  F. 

Lockalloy  (62B*-38A1)  Shaet 

(1)  Evaluated  In  the  as-received  annealed  and  etched  condition. 

Mechanical  Properties 

The  various  mechanical  properties  of  prime  interest  for  sach  of  the  designated 
materials  are  as  follow*: 

(1)  Tensile  [longitudinal  (L)  and  transverse  (T)  at  room  temperature  (Rl) 
and  elevated  temperature  (ET)]. 

(a)  Ultimate  tensile  strength,  Ftu 

(b)  Tensile  yield  strength,  Fty 

(c)  Elongation,  e( 
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(d)  Reduction  in  area,  RA  (when  applicable) 

(e)  Modulus  of  elasticity,  Et 

(2)  Compression  (L  and  T  at  RT  and  DT) 
iaj  Compression  yield  strength,  ~cy 
(b)  Modulus  of  elasticity,  Ec 

(3)  Impact  (at  RT  and  ET  when  applicable) 

(4)  Fracture  toughness,  Kjc  (at  RT  and  ET) 

(5)  Bend  (at  RT  and  cryogenic  temperatures) 

(a)  Minimum  radius 

(b)  Ductile  to  brittle  bend-transition  temperature 

(6)  Shear  (L  and  T  at  RT) 

(a)  Ultimate  shear  strength,  Fau 
(?)  Axial  fatigue  (at  RT  and  ET) 

(a)  Kt  ■  1,  R  ■  0.  1,  Lifetime:  10*  through  10?  cycles 

(b)  K(i  3,  R  ■  0,  1,  Lifetime:  10*  through  10?  cycles 
(B)  Creep  and  stress  rupture  (selected  ET) 

(a)  Stress  for  0,  2  or  0,  5  percent  deformation  in  100  hours  and 
in  1000  hours 

(b)  Stress  for  rupture  in  100  hours  and  in  1000  hdurs 

(9)  Stress  corrosion  (RT) 

(a)  80  percent  Fty,  1000  hours  maximum 

(10)  Coefficient  of  thermal  expansion 

(11)  Density. 
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EXPERIMENTAL  PROCEPURr 


Spaclmen  Identification 


A  atralghtforward  numb*  ring  nyatam  waa  used  for  apectmen  Ida  nti  float  Ion.  Coding 
conaiata  of  a  numbar  indicating  tha  typa  of  teat,  followad  in  appropriate  caaaa  by  a 
lattar  aignlfylng  apaciman  orientation  (L  for  longitudinal  or  T  for  transverse),  which  la 
followad  by  tha  apacirnan  numbar,  Tha  final  numbar  danotaa  tha  location  on  tha  original 
taat  panel  from  which  the  apaciman  waa  taken,  Number*  rapraaantlng  tha  typa  of  taat 
are  aa  fullowai 

(1)  Tanalon 

(2)  Comprbaalon 

(3)  Creep 

(4)  Shorn’ 

(5)  Fatigue 

(6)  Fractur*  toughnaea 

(?)  Strata  opj;roelon 

(8)  Tharmal  expansion 

(9)  Band. 

For  example,  2-T-5  le  a  traneverae  comprtaaien  specimen  out  from  Paiifi  Looatlon  8. 

Spaolman  dealgna  ueed  in  thle  program  are  ahown  In  Figures  1  through  U,  Theee 
apaolmene  oonform  to  dlmenelonal  and  tolerance  epaoiftoatione  outlined  in  relevant 
ASTM  standard*,  in  A1A  publication  ARTC-13,  or  in  MAB  publication  MAB-192-M.  Tha 
applloabla  atandarda  art  oovarad  latar  in  tha  dlaeuaaiona  of  procedural  for  aonduotiug 
aach  typa  of  taat,  Tha  l-lnch-gaga-langth  tenalla  apaciman  (Flgura  8)  waa  uaad  only  for 
tha  Lockalloy  atudy,  Thia  waa  to  taka  full  advantago  of  tha  limited  amount  oi  available 
taat  material  and  to  be  compatible  v/ith  data  obtained  from  other  aeureea  alio  on  apool- 
mana  with  a.  1-inch  gaga  length,  Full  ahoot  thloknoae  apeolmena  were  ueed  exoept  where 
otherwise  noted, 


Teat  Oeiorlptlon 


Tanalon 

Prooaduraa  uaad  for  oerrylng  out  tanalla  taat*  ware  thoee  recommended  in  AITM 
Methoda  EH -6 IT  end  E21-98T  ee  wall  ee  in  Federal  Tail  Method  Standard  I5la 
(Method  211,  l),  Threa  epacimana  ware  taatad  at  each  temperature  to  determine  ulti¬ 
mate  tanalla  atrangth,  yield  atrength  (0,291  offset),  elongation,  end  reduction  in  area, 
The  modulue  of  eleatlclty  wee  derived  from  loed-etrain  ourvae  plotted  by  an  autographic 
recorder  during  each  teat, 

All  tenallo  teata  ware  carried  out  in  Baldwin  Univeraal  taating  maohlnea.  Thai# 
inachtnea  are  calibrated  at  frequent  intervale  in  accordance  with  ASTM  Method  E4-64 
to  aaaure  loading  accuracy  within  *0,  2  percent.  The  maohlnea  ere  equipped  with  inte¬ 
gral  automatic  strain  pacera  and  autographic  atraln  recorders. 
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ForthMt,A*7j-,  B  >2^ 

For  oltvotod  tdinporoturo  thin  (Hot#, 
A«IS^,  B«8<|> 

FIGURE  1.  SHEET  AND  THIN-PLATE  TENSILE  SPECIMEN 
1-Inoh  Oftgo  Longih 


about  £  to  0,0000  inch  «>msm 

TIOURE2,  SHEET  TENSILE  SPECIMEN 
1-Inch  0*g«  Length 


n  *rv\ 


k  0.002" 


i  o.oor 


Four  90-degree  V  notches,  0.010  inch  deep 


FIGURE  3.  iHEET  COMPRESSION  SPECIMEN 

Note:  (1)  Ends  must  be  flat  and 

parallel  to  within  0.0002 
inch 

(2)  Surface  muct  be  free 

from  nicke  and  ecratchea. 


FIGURE  4.  SHEET  CREEP  SPECIMEN 
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JGURE  7.  NOTCHED  (K,  =  3)  SHEET  FATIGUE  SPECIMEN 


FIGURE  9-  EDGE-NOTCH  FRACTURE- TOUGHNESS  SPECIMEN 


0.50*  0,01 


Note: Specimen  thickness  0.Q50±0C0'! 
FICfURE  10.  SHEET  STRESS- CORROSION  SPECIMEN 


A  »  634 S A 


FIGURE  ».  SHEET  BEND  SPECIMEN 


IS 


The  sheet  and  thin-plate  tensile- specimen  configurations  (Figures  1  and  2)  con¬ 
formed  to  type  F2  in  Mothod  211.1  except  that  the  grip  section®  contained  holes -for  pin 
loading  Pin-loadod  specimens  are  preferred  because  they  permit  better  alignment  and 
facilitate  grinning  in  furnaces  for  elevated-temneratnre 

Specimens  tested  at  elevated  temperatures  were  heated  in  standard  wire-wound 
resistance -type  furnaces,  tiach  turnace  was  equipped  with  a  Foxbcro  controller  capable 
of  maintaining  the  test  temperature  to  within  ±5  F  of  the  control  temperature  over  a 
2-inch  gage  length.  Chromel- Alumel  thermocouples  attached  to  the  specimen  gage  sec¬ 
tion  were  used  to  monitor  temperatures.  Each  specimen  was  held  at  temperature  for  at 
least  20  minutes  before  starting  a  test, 

Ac.  averaging-type  linear-diffe rential-tranuformur  extensometer  with  extensions 
to  bring  the  transformer  unit  out  of  the  furnace  in  elevated-temperature  testing  was 
used  to  measure  strain.  The  extensometer  conformed  to  ASTM  83-64T  Classifica¬ 
tion  B- 1  having  a  sensitivity  of  ±0,0001  inch/inch.  The  strain  rate  in  the  elastic  region 
was  maintained  at  0.C05  inch/inch/mlnute .  After  yield,  the  head  speed  was  increased 
to  0.  I  inch/minute  until  fracture, 


Compression 

Procedures  for  carrying  out  compression  tests  were  as  recommended  in  ASTM 
Method  E9-61  along  with  temperature-control  provisions  of  E21-58T.  All  tests  were 
conducted  in  Baldwin  Univereal  testing  machine ■  using  a  North  American  Aviation-type 
compression  fixture  as  shown  in  Figure  13  for  studies  to  1000  F,  A  forced-air  circu¬ 
lating  furnace  was  used  for  specimen  heating.  Specimen  temperature  was  maintained 
by  means  of  a  Wheelco  pyrometer  .  Three  Chromel-Alumtl  thermocouples  attached  to 
the  compression  fixture  were  used  to  monitor  temperature.  Temperatures  were  held  to 
within  ±3  F  of  test  temperature  with  this  equipment.  A  modified  version  of  this  fixture 
having  graphite  lateral  support  blocko  as  shown  in  Figure  14  was  used  for  tests  to 
2000  F.  In  this  case,  wire-wound  furnaces  were  used  with  controls  ae  described  in  the 
previous  section  on  tenrile  teste.  Either  of  these  fixtures  can  be  adjusted  to  accom¬ 
modate  specimens  of  various  thicknesses  up  to  1/4  inch. 

The  extensomoter  employed  for  the  compression  work  was  quito  similar  to  that 
used  In  tensile  testing.  In  thie  case  the  extension  arms  wore  fastened  to  the  specimen 
at  small  notches  spanning  a  2-inch  gage  length  (eee  Figure  3).  The  output  from  the 
sxtenaometer  microformer  was  fed  into  a  load- strain  recorder  to  provide  autographic 
load-strain  curves.  During  testing,  the  strain  rste  was  adjusted  to  0.00b  inch/inch/ 
minute.  Throe  specimens  wera  tested  at  each  temperature  to  determine  the  compres¬ 
sive  yield  strength  (0.2%  offset)  and  the  compressive  modulus  of  elasticity. 


Shear 

Singlo-ehear  specimens  of  the  type  specified  in  Standard  Test  Procedure  ARTC- 
13-4-1  were  used  for  these  studies  (see  Figure  5).  Three  longitudinal  specimens  end 
throe  transvorse  specimens  were  used  to  determine  the  ultimate  shear  strength  at 
room  temperature  for  each  material. 
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Bend 


Thu  procedure  used  tor  conducting  bond  tests  Is  described  in  Report  MAB-192-M, 
As  shown  in  Figure  15,  the  specimen  was  placed  in  a  rigid  three-point  loading  fixture. 
Bonding  cups  o:  various  sizes  were  used  to  determine  the  minimum  bend  radius  at  room 
temperature.  Additional  tests  were  conducted  below  room  temperature  (limited  to 
-110  F)  to  determine  the  tr»n<*ition  temperature  for  a  giver,  bond  radius. 


30876 

FIGURE  15.  BEND  TEST  FIXTURE 
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Fi'iu  t v» to  TmiKlmmi 

Two  typos  ol'  lTurturu-toughneas  apcuimons  woo*  used  for  thn  shevt  nnd  thln-plnte 
studies.  A  cento  r  -  notch  specimen  as  shown  in  Figure  8  was  used  fur  thin  sheet  nnd  a 
« inglo -  otlge  -  notch  specimen  nr  shown  in  Figure  9  was  used  for  thin  plats,  The  dimen¬ 
sions  of  these  specimens  were  in  accordancs  with  the  latest  rocommendationa  of  the 
AS’fM  CiumniUwo  on  Fim  iuro  Toughness,  These  specimens  had  savarai  things  in  com¬ 
mon.  hirst,  each  was  daslgned  for  axial-loading  tests,  Second,  grip  ends  for  pin-type 
loading  were  provided  (to  promote  the  best  possible  alignment).  And  third,  the  speci¬ 
mens  ware  precracked  at  the  root  of  the  notches  under  fetlgua  loads,  Tha  procracklng 
was  cnrrlc-1  out  with  the  maximum  strese  limited  to  60  percent  of  Fty,  This  stress  level 
lias  been  found  to  produce  a  precrack  of  the  dsslrjd  length  In  testa  of  short  duration  while 
mlnlmlr.ing  pUnllc  deformation  at  tha  leading  adga  of  the  crack, 

All  tonsllo  tests  on  precrackad  fracture-toughness  specimens  wore  carried  out  in 
llaldwin  Universal  testing  machines,  As  shown  in  Figure  16,  a  flat  spring-type  com- 
plliuii  n  gaga  with  oxlonslon  arms  was  u*nd  in  conjunction  with  an  autographic  recorder 
to  provide  a  load- deformation  curve.  'l't< a  pop-in  load  for  materials  suscept ililo  to  bril- 
ile  tincture  was  determined  from  this  curve. 

In  certain  ductile  material*,  net  section  stresses  at  pop-in  or  fracture  may  exceed 
the  AfITM  yield  criterion,  In  theae  oaees  rather  than  noting  individual  atraaa  Intensity 
factors,  It  is  considered  more  useful  to  report  a  notch  strength  value  with  the  under¬ 
standing  that  the  notch  la  a  fatigue  oraok.  When  these  value*  are  entered  on  the  data 
sheet,  they  will  us  footnoted  with  the  oraok  geometry  conditions  at  failure, 

Ai  least  there  ■peclnjone  were  uesd  for  each  room-temperature  and  elevated- 
temperature  investigation, 

Computations  of  Oj„  or  l<ja  values  for  material*  where  pop- In  oooure  are  carried 
out  In  accord,  nee  with  procedure*  recommended  by  Crawley  end  Brown. (1)* 


Creep  and  Stress  Rupture 

Standard  deed-weight -type  creep- testing  frame*,  aa  ehown  in  Figure  I?,  were 
used  for  the  creep  nnd  st reel- rupture  teeti,  Thee*  machines  are  raiibrated  to  operate 
well  within  .he  accuracy  requirement*  of  AITM  Metho  I  K1S9-IIT. 

Specimens  similar  to  thoee  employed  <rt  tenilon  teeti  (aee  Figure  4)  were  used 
for  the  creep  nnd  straws- rupture  studies,  Such  a  specimen  prepared  for  testing  is 
shown  in  Figure  18  along  with  pretest  and  posltoal  specimens,  Aa  ehown,  a  platinum 
strip  "slide- rule"  exlenswmetor  is  attached  for  measuring  creep  elrein  and  three 
(Hummel- Alumel  thonnocouplns  are  attached  to  the  gage  auction  for  temperature  mea¬ 
surement.  Il'.xtenaometer  measurements  ware  made  visually  through  windows  In  the 
furnace  (aee  Figure  17)  by  m*an*  of  m  filar  micrometer  mlo recoup*  In  which  the  amallast 
division  equals  0,0000)  inch, 


*Hu(vrt>iK  ,-i  «(«  given  mi  page  U7 
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FIGURE  17.  CREEP- TESTING  FRAME  WITH  FURNACE 
AND  MICROMETER  MICROSCOPE 


[ 
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,1'he  lurn.u  c  nvub  ot'  conventional  Chromol  A  wire-wouml  dtjaign  with  tap*  .aJ.-iR  t he 
aide  to  allow  for  correcting  atunll  temperature  diflorrncna.  Ku mace  tempo  rnturc  Vuj,'. 
maintained  to  within  ±i  F  by  Foxboro  cnr.t r ...liars  in  reaponae  to  aignala  ifom  tho  cen¬ 
trally  located  thermocouple,  The  tempo roturo  of  a  apeclman  untler  teat  wne  itabiltaad 
for  at  leant  it?  r  p r i " r  tc  loading. 

For  each  temperature  condition  creep  and  itreee- rupture  data  w*r*  obtained  for 
i 00  and  1000  hours  Using  as  many  specimens  as  necessary  to  obtain  precise  information. 
The  percent  creep  deformation  obtained  was  dependent  up  an  the  mtuierlal  under  test.  In 
most  lustancae  either  0.2  or  t.  5  percent  elongation  stress-time  curves  ware  defined. 


Stress  Corroslcm 

Seven  specimens  of  each  alloy  were  tested  for  susceptibility  to  etroea-corrosion 
cracking  by  alternate  Immersion  in  3-1/2  percent  sodium  chloride  solution  et  room 
temperature. 

Specimens  wore  prepared  lor  mating  by  degreaalng  with  acetone.  Where  a  eurfaca 
film  ramained  from  heat  treating,  U  was  abraded  off  one  ride  and  the  adjacent  long  edge 
on  five  of  the  seven  apaciment,  and  left  Irtact  on  the  other  two. 

'  Each  specimen  wa*  placid  into  a  four-point  loading  fixture  (eon  figure  19)  end 
deflected  to  a  stress  corresponding  to  SO  percent  of  the  tensile  yield  strength,  The 
specimen  was  alectrically  Insulated  from  the  fixture  by  meane  ot  gUee  or  eajphtre  rode. 

Deflection  for  a  given  maximum  fiber  strese  wee  calculated  by  y  s  •  where 

y  ■  deflection,  o  »  maximum  fiber  stress,  £  m  distance  between  outar  load  points, 
a  >  distance  betwasn  outer  and  Inner  load  point*  at  on*  end,  d  a  thickneei  of  epocimen, 
and  E  ■  modulua  cl  elasticity  for  the  specimen  metoriel. 


i»si 

riauar  \i9.  spj^iMkn  jnstalliu  in  strews- corrosion 
TEST  FIXTURE 


Each  stressed  specimen  was  suspended  on  an  altc rnate- immersion  test  unit  as 
shown  in  Figure  20,  This  unit  alternately  immersed  specimens  in  the  sodium  chloride 
solution  for  10  minutes  and  held  them  above  the  solution  to  dry  for  50  minutes.  Tests 
were  continued  to  the  first  sign  of  cracking  or  for  1000  hours,  whichever  occurred  first. 

Specimens  on  alternate- immersion  test  were  given  frequent  low-power  microscopic 
examinations  to  detect  cracks.  At  the  first  sign  of  cracking  the  specimen  wb*  removed, 
At  the  conclusion  of  a  test,  selected  samples  were  sectioned  and  me  tall  ographic  ally 
examined  for  any  indication  of  cracks.  Representative  samples  in  which  cracks  have 
boen  found  were  also  given  a  metallograpbic  examination  to  establish  the  type  and  extent 
of  cracking. 


Thermal  Expansion 

Linear-thermal-expansion  measurements  were  performed  in  a  recording  dila- 
tomster  with  specimens  protected  by  a  vacuum  of  about  2  x  10^  mm  of  mercury.  The 
unit  used  in  this  program  for  sheet  specimens  at  temperatures  to  2000  F  is  shown  in 
Figures  21  and  22.  Figure  21  shows  a  calibration  specimen  mounted  in  the  support 
structure  with  the  vacuum  envelope,  radiation  shields,  and  hsatsr  element  rnmoved. 
These  items  are  shown  assembled  in  Figure  22.  In  this  apparatus  a  sheet-type  specimen 
is  supported  between  two  graphite  structures  inside  a  tantalum- tube  heater  element.  On 
heating,  the  differential  movement  of  the  two  structures  caused  by  specimen  expansion, 
results  in  the  displacement  of  the  core  in  a  linear-variable  differential  transformer. 

The  output  of  the  transformer  is  recorded  continuously  as  a  function  of  specimen  tem¬ 
perature.  The  entire  assembly  is  enclosed  in  a  vacuum  chamber. 

The  furnace  is  controlled  to  heat  at  the  desired  rate,  usually  5  F  per  minute. 
Errors  associated  with  measurements  in  this  apparatus  are  sstimated  not  to  exceed 
±2  percent,  This  is  based  on  calibration  with  material*  of  known  thermal- expansion 
characteristics . 


Fatigue 

Two  types  of  fatigue  equipment  were  used  to  perform  the  axial  tension  fatigue  tests 
on  notched  and  unnotched  sheet  and  thin-plate  specimens  (specimens  shown  in  Fig¬ 
ures  6  and  7).  Selection  of  a  teat  machine  was  mads  primarily  on  the  basis  of  the  re¬ 
quired  load  level.  Testa  on  sheet  were  conducted  in  5000-pound- capacity  Krouse  ma¬ 
chines  as  shown  in  Figure  23.  Tacts  on  thin  plats  or  tests  requiring  a  low  cycle  rate 
wore  conducted  in  Research  Incorporated  electrohydraulic  machines.  Figure  24  shows 
a  specimen  being  installed  in  the  20,  000-pound- capacity  Research  Incorporated  machine. 
Figure  25  ohows  the  50,000-pound-capacity  R,  I,  machine  along  with  the  controls  for 
both  unite, 

The  Krouse  axial-load  equipment  is  mechanically  driven  and  provides  loads  on  a 
constant-deflection  oasis.  The  Krouse  machines  normally  operate  at  about  1725  cpm, 
They  are  equipped  with  hydraulic  load  maintainers  to  stabilize  the  mean  load  should 
some  creep  deformation  occur.  The  frequency  of  cycling  of  the  Research  Incorporated 
hydraulic  fatigue  machines  is  variable  to  beyond  2000  cpm  depending  on  specimen 
rigidity.  These  machines  operate  with  closed-loop  deflection,  strain  or  load  control. 
Under  load  control,  used  in  this  program,  cyclic  loads  were  automatically  maintained 
(regardless  of  the  required  amount  of  ram  travel)  by  means  of  load-cell  feedback  signals. 
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FIGURE  25.  CONTROL  CONSOLE  FOR  20,000-,  50,000-,  AND 
200, 000- POUND- CAPACITY  RESEARCH 
INCORPORATED  FATIGUE  MACHINES 

50,000-PounU  Machine  Shown, 


31 


Tho  lallliratlon  aiul  itllgmmmt  ul  o.uTi  inai'liino  uro  chocked  periodically,  In  onch  cnm 
tho  dynamlc-luiul- control  accuracy  is  bettor  than  ±3  percent  of  tho  t««t  load. 


For  elevntod-tompornture  studies  electrical- resistance  wire-wound  turnacae  of 
conventional  design  were  used  to  hast  the  specimens.  Three  Chrome!- Alumel  thermo¬ 
couples,  placed  near  the  center  of  each  specimen  at  1-tnch  Intervals,  were  employed  In 
furnace  calibration.  During  a  fatigue  test,  the  canter  thermocouple  was  used  in  con- 
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gradient  along  the  teet  section  wee  continuously  monitored  by  the  other  two  thermo- 
couplee.  During  teste  the  cantor  of  the  specimen  was  held  to  within  *5  degrees  of  the 
control  temperature, 


After  mtchlnlng,  and  heat  treating  where  required,  the  adgeo  of  all  fatigue  speci¬ 
mens  (except  for  Lockalloy)  were  polished  according  to.  Battella1  a  standard  practice 
prior  to  tasting.  Tha  unnotched  specimens  wars  held  against  a  rotating  drum  covarsd 
with  emery  paper  end  polished  using  a  kerosons  lubricant,  Successivaly  flnsr  grits 
W1  n  usud  as  rsqulrsd  to  produce  a  surface  finish  of  about  10  rms.  The  notched  speci¬ 
mens  were  held  in  a  fixture  and  polished  with  a  Blurry  of  oil  and  Alundum  grit  applied 
liberally  to  a  rotating  wire  until  n  similar  finish  was  achieved.  The  Lockalloy  speci¬ 
mens  wore  machined  and  hand  finished  to  14  to  16  rms  in  the  beryllium  machining 
facility.  A  shadowgraph  optical  comparator  was  ussd  for  measuring  tha  test  sections  of 
each  polished  specimen  and  for  Inspection  of  the  root  radius  in  tho  case  of  notched 
specimens. 


Tha  stress  ratio  for  all  taste  was  R  ■  0.  1.  Stresses  for  notched  (Kt  ■  3,0)  and 
unnotched  specimens  ware  selected  so  that  5-N  curves  were  defined  between  10*  oyclee 
end  10?  cycles  using  approximately  10  specimens  for  each  set  of  fatiguo  conditions, 


Status  of  Material  Evaluations 


All  the  alloys  designated  for  evaluation  during  the  first  year  of  this  program  have 
been  acquired.  All  these  materials  wars  obtained  in  the  deairad  product  form  except 
for  Arc- 77  steel.  This  alloy  was  not  available  as  sheet  In  email  quantity.  Therefore, 
a  piece  of  3-  1/2-inch  plate  was  procured  and  rolled  to  sheet  uelng  Battalia  facilities. 

The  machining  of  tast  specimen*  was  completed  for  all  materials  axeept  Lockalloy. 

Only  fracture-toughness  specimens  rsmain  to  be  machined  from  this  alloy.  Heat  treating 
of  materials  subsequent  to  machining  has  bsan  accomplished.  Mechanical-property 
evaluations  for  a.U  alloys  are  in  progress,  The  evaluation  of  TD  Nickel  is  completed. 
Individual  data-sheet-type  presentations  of  mechanical  data  will  be  issued  upon  com¬ 
pletion  of  the  evaluation  of  each  material,  The  status  of  each  evaluation  along  with  the 
expected  date  for  issuinn  n  completed  data  sheet  le  indicated  in  the  following  paragraphs. 


TD  Nickel  Sheet 


The  mechanical  evaluation  of  thle  alloy  is  complete .  Information  obtained  for  this 
alloy  Is  presented  in  this  report.  The  completed  data  sheet  will  be  Issued  by  the  and  of 
April,  1966, 
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IIP  ') ••  4  -  £  5  and  HP  9-4-45  Plates 


All  room-  und  elevated-temperature  tensile  and  compression  tests  and  room- 

t  aivim*  unitt  *i«  tU  n  n  h  f  a  ufi  Untf*  k«an  i>  r\  >«  n  1  a  far)  Ct^nse..  nn^rnslrm  f  itsf  ■  n  rs  tn  nrnrTfSi  •  c 

- , - - - -  - - -  - - - -  — - - - 1 - - -  -  " - - - -  X - » - - 

for  both  the  29  and  49  material,  Creep  and  stress- rupture  teats  are  well  under  way 
for  the  25  alloy  and  have  been  started  for  the  45  alloy.  Fatigue  testing  has  been  started. 
Tensile,  compression,  and  shear  data  for  both  materials  are  presented  in  this  report, 
The  comoletod  data  sheet  for  each  of  these  alloys  !s  scheduled  for  the  end  of  June,  1966. 


AFC-77  Sheet 

Mechanical  property  studios  of  AFC-77  for  the  two  tempering  treatments  described 
earlier  are  under  way.  Preliminary  data  will  become  available  ^y  June,  1966.  The 
completed  data  sheet  will  be  issued  by  the  end  of  July,  1966. 


Lockulloy  (62Be-38Al)  She n_t 

The  processing  of  Lockalloy  is  being  carried  out  in  the  same  manner  as  for  the 
design-allowables  studies  under  NASA  Contract  NAS  8-11448.(2)  The  data  generated  will 
be  coordinated  with  that  obtained  from  this  previous  evaluation.  The  Battalia  studies 
are  designed  to  develop  fracture  toughneee,  fatigue,  creep,  it  re  is -rupture,  and  stress- 
corroeion  information,  Preliminary  data  will  be  available  in  July,  1966,  with  the  data 
sheet  to  be  issued  .by  the  end  of  August,  1966. 


Additional  Mater  Isle 


Five  materials  have  been  designated  for  evaluation  during  the  second  year  of  the 
contract.  These  materials  will,  for  the  first  few  months,  be  processed  concurrently 
with  those  presently  under  evaluation.  The  selected  materials  are: 


Alloy 


Product  Form 


7039  aluminum 
2021  aluminum 
Beryllium 
HP  9-4-25 
HP  9-4-45 


1-lnch  plate 
1-lnch  plate 
Cross- rolled  sheet 
Forging 
Forging 


The  Initial  literature  searcl}  and  organisation  of  data  for  these  materials  are  com¬ 
pleted.  Contacts  have  been  made  with  the  material  suppliers,  and  arrangements  are 
being  made  for  the  procurement  of  appropriate  quantities.  . 


Results 


For  convenience,  the  results  of  the  various  tests  conducted  as  of  March  15,  1966, 
for  TD  Nickel  are  presented  in  Appendix  I:  for  HP  9-4-25  in  Appendix  j.1:  and,  HP  9-4-45 
in  Appendix  III,  The  initial  table  in  each  appendix  is  a  data  sheet  summarising  data 
obtained,  with  blanks  for  evaluations  that  are  scheduled.  The  summary  sheet  is  followed 

9  I 
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by  data  tableo  for  individual  te6ts.  The  series  of  data  tables  are  followed  by  a  series 
of  figureB  showing  these  data  in  graphical  form.  A  final  technical  report  will  be  issued 
at  the  end  of  the  second  year  of  effort  that  will  summarize  all  data  presented  here  and 
«utv4 it* v/Aitti  uaia  gciiorttlou  lur  inane  ana  other  designated  material#. 
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APPENDIX  I 


TD  NICKEL  SHEET  DATA<») 


TABLE  I.  DATA  SHEET  FOR  TD  NICKEL  SHEET 


Condition)  atroia-rallaved 
Thlcknoaai  0.  060  Inch 


Taniparatura,  F 

Piopartlea  RT  1  io6  lflo6  SU66 


Tenallti 

F(U  (longitudinal),  kal 

Fja1  (lr«nav<>rao),  k«l 

Fty  (longitudinal),  kal 

Ely  (i  ranri  vnrar),  k«t 

*t  (longitudinal),  parcant  in  2  In. 

at  (tranavaraa),  parcant  In  2  In. 

Et  (longitudinal),  pal  x  1 0<> 

Ei  (tranavaraa),  pal  x  10b 

Compraaalon 

FCy  (longitudinal),  kul 
Fcy  (tranavarae),  kal 
Ec  (longitudinal),  kal 
Ec  (tranavaraa),  kal 

Impact 

(liar)  (t-lb(J)* 

Fractnra  //oughnaaa 

Band 

(Trinavaraa) 

Nhanr  F, 

(Longitudinal),  kal 
(Tranavaraa),  kal 

Aatal  Fatlgua 
(Yrattavaraa) 

10s  <K|  ■  1)  (R  ■  0.  1),  kal 

10*  (Ki  -  l)  (R  «  0,  l),  kal 

10?  IK,  -  1)  (R  -  0,  1),  kal 

10*  (K,  •  »)  (It  -  0.  I),  kal 

t()ft  (Kt  •  »)  (R  ■  0,  t),  kul 

10?  (Kt  •  :)  (R  •  0,  l),  kal 

C  reap 

(Tranavarar ) 

0,  2%  alungatlon  100  hr,  kal 
0,2%  alongallnn  1000  hr,  kal 


6).  6 

21.4 

17.9 

14,  7 

63.  H 

20.  6 

17.  1 

13.  3 

4b.  2 

212 

17.  7 

14.  » 

41.  6 

20,  .3 

16.  B 

12,  V 

14.  ft 

3.0 

ft.  0 

«,  0 

14.  ft 

J.  0 

VO 

3.0 

16.9 

10.7 

9.  1 

a.a 

17,  S 

in,  s 

a. a 

a.b 

41.  1 

ao,9 

17.1 

IS,  b 

49.4 

20,  ) 

lb,  1 

ia, a 

lb.  0 

9. 

9.9 

7.7 

ia,  4 

9,  7 

9.9 

7,4 

JO 

m  m 

30 

■  ■ 

<l>) 

•  m 

ti  M 

n  m 

•harp(0 

m  m 

•  «a 

m  • 

9 

m  m 

•  n 

•  • 

sa,  4 

M  ■ 

m  m 

•  ■ 

bi,  o 

13,  0 

19.0 

•  • 

17.  » 

19.  » 

lb,  0 

■  ■ 

4ft.  0 

1ft,  0 

11.  ft 

* 

bl.  0 

12.  3 

17.  0 

19.  0 

15,  0 

12.  0 

• 

22.  ft 

10,  0 

a,  0 

-  m 

*  - 

10,  0 

7,  2 

4,  6 

m  m 

a,  a 

ft,  1 

3,  1 

10 


I 


TAHliK  I.  ((  im.Hii  hm') 


t*«'» 


ail  i  nn  iui|hui  »• 

Rupture  1 00  hr,  kat 
Rupture  1000  hr,  k«l 

8tren«  Curruainn 

80  partem  F\y  1000  hr  mav 

Coefficient  of  Thermal  fc'xpannlon 
6l’  to  2000  F 

Denalty(3>  *) 

Ductile  to  I\r  It  lie  lFiul-Tranalllttn 
Temperature,  K 

M r>l 1 1 ii u  Tempo return 


RT 

loOO. 

1  HOC) 

2000 

11,0 

7.  8 

S,  4 

”  “ 

*i,  0 

5.  8 

4.  4 

No  crncka 

•  - 

*  . 

. 

8.  7  x  10<»  In.  /in,  /F 
0,  Ml  lb/ in.  3 

Lower  than  -100  FI'*) 

26M)  H*) 


N««i!  I  Iwinul  I'nmlu'ilvtiy,  *iu/lt'J/in.  /hr/l'l'  at  1<j  t*  *  Hint  (t)(0) 

mo  t<  -  no 
noo  r  «  aoo 
i  (too  r  *  no 
1700  8  -  140 

Kln  trlval  ratln Ivlty ,  mi"tolim«rtit  (70  f)  7,0  (4)  (8) 

afwcitlr  liaai,  *u/lb/*t  0.  (M  (A)(1) 

Iff  glVtll  on  p*|«  n , 

(«)  Pan  a,*  avaia|«  valuai. 

(h)  a|Minmi»  lailad  in  a  tlnrtiM  manual 

(<  |  atii(|*  hanJtnn  Too  ( 7»  •  o#n  «ii<l»)  i|xt-iman  unlu*0»<  toml  angle  ovw  I  no  dag,  no  viaokt  ai  IT. 
(<l)  aliai|i  handing  Tii|>  (10  Jag  angle),  uu  ciatF  at  •It'll  f 
(<•)  Tatiiailvai  taillleilltNi  tail  in  ptogian 


TA3LE  II.  TENSILE  RESULTS  FOR  TD  NICKEL  SHEKT<a)  AT  FOUR 
TEMPERATURES 


Specimen 

0.  2%  Offset  Ultimate 

Yield  Strength,  Tensile  Strength, 

ksl  ksl 

Elongation 
in  2  Inches, 
percent 

Tensile 
Modulus, 
pal x  10D 

Longitudinal  at  Room  Temperatu 

r* 

1L-1 

4  ft.  1 

63.  7 

15.  5 

16.  6 

1L-2 

46.  2 

63.  7 

13.0 

17.  0 

1L-3 

46.  2 

63.  3 

15.  0 

17.  0 

A ve  rage 

TO 

TO 

14.  5 

TO 

Transverse  at  Room  Temperature 

IT-  1 

45.  7 

63,  8 

14.  5 

17.  5 

IT-2 

45.  6 

63.  8 

14.  5 

17.  9 

IT- J 

45.  5 

63.  7 

14.  5 

18.  0 

Average 

6 

6  3".  8 

14.  5 

17.  8 

Longitudinal  at  1600  F 

1L-4 

21.  0 

21.  1 

5.  0 

10.  5 

1L-5 

21.  1 

21.  3 

4.  5 

10,  7 

1L-6 

21.5 

21.  7 

5.  5 

10.  9 

Average 

TO 

TT7T 

To 

10.  7 

Transverse  at  1600  F 

IT-4 

20.  4 

20.  7 

3,  0 

10.  5 

IT-5 

20.  1 

20.  5 

3.0 

9.8 

IT-6 

2C.4 

20.  5 

3.  0 

10.  5 

Average 

TO 

2076 

3.0 

TO 

Longitudinal  at  1800  F 

1L-7 

17.  7 

17.  6 

5.  0 

9.  1 

1 L-8 

17.  6 

18.  0 

5.  0 

9.  3 

1L-9 

17.  8 

18.  0 

6.  0 

9.  0 

Average 

TO 

m 

T5 

TT 

Transverse  at  1800  F 

IT-7 

16.  8 

17.  1 

3.  5 

9.  1 

IT-8 

16.  8 

17.  0 

-- 

8.  5 

IT-9 

16.  7 

17,  2 

3.  0 

8.  7 

Average 

TO 

TTT 

To 

8.  8 

Longitudinal  at  200(1  F 

1L-10 

14.  3 

14.  7 

8.  0 

7.  7 

1L-  1 1 

14.  4 

14,  8 

8.  0 

8.  2 

1L-12 

14.  1 

14.  6 

8.  0 

8.  8 

Average 

TO 

TO 

TTJ 

TT 

Trunsverse  at  2000  F 

IT-10 

12.  7 

13.  2 

3,  5 

0.  9 

IT  -  II 

12.  U 

13.  3 

3.  0 

8.  3 

IT-  U 

13.  1 

13,  4 

3.  0 

7.  3 

Average 

TO 

TO 

T75 

TT 

(it)  o.mliMmli  itrctfirllrvul  iht'si, 
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TABLE  III.  COMPRESSION  RESULTS  FOR  TD  NICKEL  SHEET(a)  AT 
FOUR  TEMPERATURES 


0.  2%  Offset 

Compression 

Specimen 

Yield  Strength,  ksi 

Modulus,  psl  x  10^ 

Longitudinal  at  Room  Temperature 

2L-1 

42.  3 

15.  5 

2L-2 

42.  0 

16.  7 

2L-3 

42.  0 

IS. 8 

Average 

42.  1 

W.  0 

Transverse  at  Room  Temperature 

2T-15 

49.  3 

18.  3 

2T-2 

49.  8 

18.  5 

2T-3 

49.  2 

18.  5 

Average 

49.  4 

18.  4 

Longitudinal  at  1600  F 

2L-4 

20.  5 

9.  4 

2L5 

20.  6 

9.  9 

2L-6 

20.  6 

9.  1 

Average 

20.  9 

9.  5 

Transverse  at  1600  F 

2T-4 

20.  3 

9.9 

2T-5 

20.  3 

9.  1 

2T-6 

■  20.  4 

10.  1 

Average 

20.  3 

9.  7 

Longitudinal  at  1800  F 

2L-7 

17.  2 

9.  8 

2L-8 

17.3 

10.  s 

2L-9 

17.  1 

9.  3 

Average 

m 

T! 

Transverse  at  1800  F 

2T-7 

16.  3 

10.  0 

2T-8 

16.  6 

9.  8 

2T-9 

IS.  S 

10.  0 

Average 

ITT 

9.9 

Longitudinal  at  2000  F 

2L-10 

13.  6 

7.  8 

2L-11 

13.  5 

8.  0 

2L-12 

13.  8 

7.  4 

Average 

TO 

T7 

Tr.ansverse  at  2000  F 

2T-10 

12.  7 

7.  7 

ZT-11 

13.  1 

7.  4 

2T-12 

12.  b 

7.  1 

Average 

TO 

-n 

<*>  0.  fil'd -Inch  iiteu-rellivid  ihcct, 
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TABLE  IV.  FRACTURE-TOUGHNESS  RESULTS  FOR 
TD  NICKEL  SHEET (*)  AT  ROOM 
TEMPERATURE 


Width  Beyond  Notch 

Crack  Tlps(b),  Strength(c), 

Specimen  in.  pel 

5-1  2,145  57,3 

5-2  2.  240  57.  4 

Average  2.  193  57.  3 


(a)  0,060-lnch  stress-rellvved  sheet;  ttansverie  specimens. 

(b)  Data  on  center  notch  precracked  jpcciincns.  Nominal  specimen  width  ii  3  Inches. 
The  precracks  produced  by  fatigue  loading  developed  In  a  shear  plane  and,  there¬ 
fore,  were  not  normal  to  the  loading  direction.  Fractures  were  completely  ductile 
and  there  was  considerable  reduction  In  thickness  at  the  fractures.  Therefore,  date 
obtained  wore  outside  criteria  for  computing  valid  K|g  values. 

(c)  The  notch  strength  (undetermined  K,  since  notch  Is  a  fatigue  crack)  la  considerably 
higher  than  the  room  temperature  F,y  (46.0  ksi)  but  lest  than  the  Ftu  (63.  8  kal). 


TABLE  V.  SHEAR  TEST  RESULTS  FOR  TD 
NICKEL  SHEETS)  AT  ROOM 
TEMPERATURE 


Specimen 

Ultimate 
Shear  Strength 
pal 

4L-1 

Longitudinal 

57.  5 

4L-2 

58.  7 

4L-  3 

57.  4 

Average 

37.  9 

4T- 1 

Transverse 

58.  1 

4T-2 

59.  2 

4T-  3 

58.  0 

Average 

to 

(a)  0.060-Inch  stress -relieved  sheet. 
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TABLE  VI.  RESULTS  OF  AXIAL- LOAD  FATIGUE  TESTS 
ON  TD  NICKEL  SHEET!®)  AT  THREE 
TEMPERATURES 


Specimen 

Maximum 

Street,  ksi 

Lifetime, 

kilocycle* 

Room  Temperature 

5-52 

63 

3.  4 

5-51 

62 

26 

5-40 

60 

7.  0 

5-57 

58.  5 

246 

5-54 

57.  5 

316 

5-41 

55 

253 

5-49 

52.  5 

653 

5-39 

50 

840 

5-47 

47.  5 

1,974 

5-44 

45 

>12, 307(b) 

5-36 

40 

>10,  097(b) 

1600  F 

5-50 

23 

1.4 

5-45 

22 

2. 

5-58 

21.5 

29 

5-60 

21 

44 

5-37 

20 

47 

5-53 

19 

243 

5-59 

18 

993 

5-48 

17.  5 

2,  339 

5-55 

16 

8,  974 

5-38 

15 

>10,  072(b) 

1800  F 

5-63 

18.  3 

4.  6 

5-64 

18 

22 

3-70 

17.  5 

4.  7 

5-67 

17 

33 

5-68 

16 

133 

5-69 

15 

750 

5-66 

14 

1,  170 

5-65 

1  3 

3,846 

5-62 

■  12.  5 

3,  313 

'  3-61  : 

11.  5 

>17,  160(b) 

(«)  ,  OflO-lnrli  itrou -relieved  ihceti  ttnnivoiio  ipocimcnn  R  «  0, 1. 
(b)  Specimen  did  ikh  fell. 
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TABLE  VII.  RESULTS  OF  AXIAL- LOAD  FATIGUE 
IN  TESTS  ON  NOTCHED  (K,  =»  3.  0) 

TD  NICKEL  SHEET(a)  AT  THREE 
TEMPERATURES 


Specimen 

Maximum 

Stress,  ksl 

Lifetime, 

kilocycles 

5-23 

Room  Temperature 

60 

2.  0 

5-2 

55 

8.  0 

5-1 

50 

16 

5-6 

45 

37 

5-17 

40 

104 

5-22 

35 

170 

5-26 

30 

632 

5-7 

25 

1,  704 
>10,  067(b) 

5-10 

22.  5 

5-5 

20 

>12, 567(b) 

5-U 

1600  F 

22 

1.3 

5-4 

20 

5.7 

5-9 

17.5 

27 

5-27 

15 

104 

5-12 

14 

190 

5-3 

12.  5 

271 

5-14 

11.  3 

808 

5-15 

11 

-O 

o  o 
o  — « 
CD  O 

m  o 

A 

5-8 

10 

5-30 

1800  F 

17 

6.8 

5-19 

16 

5.  0 

5-16 

IS 

21 

5-20 

14 

23 

3-24 

12 

108 

5-25 

11 

306 

5-21 

10 

2,  311 

3-28 

9 

1,  301 

3-31 

9 

7,  430 

5-29 

8 

>17,  004<b) 

(»)  .  Oiln-luvli  iltmi-rdlvved  liieal,  trimtvsn*.  ipsrlmsiui  R*  0,1. 
(h)  Rporimon  Old  not  fall. 
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TABLE  VTTT,  T.IIMPAB  rYBiwet^M  r\f>  -nm. 
NICKEL  SHEET 


Temperature, 

F 


Expaneion, 

percent 


TABLE  IX.  MEAN  UNEAR  THERMAL- 
EXPANSION  COEFFICIENTS 
FOR  TD  NICKEL  SHEET 


Temperature 
Range,  F 


68-200 

68-400 

68-600 

60-800 

68-1000 

68-1200 

68-1400 

68-1600 

68-1800 

68-2000 


Coefficient, 
in.  /tn,  F,  x  10"^ 


TABLE  X.  STRESS-RUPTURE  RESULTS  FOR  TD  NICKEL 
SHEET(»)  AT  THREE  TEMPERATURES 


Specimen 

Street,  kel 

Lifetime,  hour* 

3-1 

1600  F 

16 

0.  6 

3-2 

14 

4.  5 

3-4 

12 

37.3 

3-6 

10.5 

245 

3-9 

9.3 

493 

3-13 

8 

>1488(6) 

3-3 

1800  r 

10 

13.9 

3-3 

8.  3 

62,  6 

3-7 

8 

86.9 

3-8 

6.2 

.  988 

3-17 

3.2 

>1036(6) 

U> 

■ 

o 

2060  r 

7.3 

2.  8 

“3-11 

3.3 

104 

3-13 

3.2 

>1320(6) 

3-14 

3,  1  ■ 

>1004(6) 

» 

(t)  0. 006-Inch  •ti«M-r*ll«vri  ihm. 
(b)  £p*cim«n  tlul  not  fill. 


FIGURE  26.  AXIAL- LOAD  FATIGUE  RESULTS  FOR  STRESS-RELIEVED 
TD  NICKEL  SHEET  AT  THREE  TEMPERATURES 


FIGURE  27.  AXIAL-LOAD  FATIGUE  RESULTS  FOR  NOTCHED  (Kt  ■  i.  0), 
STRESS-RELIEVED  TD  NICKEL  SHEET  AT  THREE 
TEMPERATURES 
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Strength,  ksi 


:  I 

i 


viauaic  i ».  effect  o\r  temperature  on  the  tensile  properties  ok 

STRESS- RELIEVED  TU  NICKEL  SHEET 


•l'» 


of  Elasticity 


I'lQURE  19.  errSGT  or  TEMPERATURE  ON  TMC  COMPRESSION 
PROPERTIES  or  STRESS-RELIEVED  TD  NICKEL 
SHEET 
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APPENDIX  II 


HP  9-4-25  PLATE  DATAM 


T-\A  TA  C*T  TtT  T71  'T'  T^/^n 
in  uiiMiu  x  a  '-'iv 


UD  O 
u*  / 


/<  2  5  PLATE 


Condition;  1025  F  temper 
Thickness;  ,25  inch 


Prope  rties 

RT 

J  u 

Voo- 

900 

Tensile 

F(u  (longitudinal),  ksi 

197 

182 

165 

138 

Ftu  (transverse),  ksi 

197 

183 

166 

138 

F(y  (longitudinal),  lc a i 

184 

161 

1 46 

123 

F^y  (transverse),  ksi 

185 

162 

147 

123 

et  (longitudinal),  percent  in  2  in. 

15.  1 

15.  8 

15.  0 

15.  7 

et  (transverse),  percent  in  2  in. 

15.  ? 

15.  8 

15.  2 

16.  5 

F.t  (longitudinal),  pal  x  10& 

27,  3 

25.  7 

24.  1 

21.  5 

Et  (transverse),  pal  x  10& 

27.  8 

26.  2 

?6.0 

22.  9 

Compression 

FCy  (longitudinal),  ksi 

200 

178 

164 

134 

Fcy  (tranaverae),  ksi 

197 

178 

164 

134 

Ecy(longitudlnal),  kai 

30.  1 

28.  7 

27.  7 

25.  7 

Ec  (transverse),  ksi 

28.  9 

27.  7 

26,  4 

24.  8 

Impact 

Chtrpy  V-Notch,  ft-lb(°> 

35-50 

-- 

-• 

“  - 

Fracture  Toughness  (Kjc) 

-- 

-- 

Shear  F, 

(Longitudinal),  ksi 

128 

-- 

-- 

-- 

(Transverae),  kel 

128 

*  * 

•  ** 

Axial  Fatigue  >. 

103  (Kt  v  1)  (R  .  0.  1),  kai 

-- 

105  (Kt  »  1)  (F,  ■  0.  1),  kai 

-- 

107  (Kt  »  1)  (R  ■  0.  1),  kai 

M  - 

103  (K,  o  3)  (R  =  0.  1),  kai 

-- 

105  (Kt  «  3)  (R  »  0.  1),  kci 

-- 

107  (Kt  «  3)  (R  ■  0.  1),  kai 

*  m 

Creep 

0.  5%  elongation  100  hr,  ksi 

-  - 

0.  5%  elongation  1000  hr,  ksi 

-- 
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TABLE  XI.  (Continued) 


Stress  Rupture 

Rupture  100  hr,  ksi 
Rupture  1000  hr,  1  si 


Stress  Corrosion 

HO  |n-e. - 1 •  1 1 1  I*' |  1000  hr  max 

Coefficient  oi  The . '  !■  s  i : 

68  F  to  800  F  6.  4  x  106  in.  / in.  /'f(7> 

Density  0.  28  lb.  /cu  in, 


* krferenc-Ji  are  given  on  p*ge  67. 
(a)  Date  we  average  valuer. 
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i’ 

AULE  XII. 

TENSILE  RESULTS  FOR  HP  9- 
AT  FOUR  TEMPERATURES 

■4-25  PL  ATE  W 

Specimen 

0,  2%  Offset  Ultimate 

Yield  Strength,  Tensile  Strength, 

kai  kai 

Elongation 
in  2  Inches, 
percent 

Tern;  lie 
Modulus, 
pai  x  1()6 

Longitudinal  at  Room  Temperature 

1L-1 

185 

o 

o 

1  5.  0 

28.  0 

IL-2 

184 

196 

15.  5 

27.  4 

1  1 1 

184 

196 

1  .  !) 

2  6 ,  4 

Avr  r  u  ge 

184 

197 

16.1 

/  f  ,  s 

Tranaverae  at  Room  Temperature 

IT-  1 

185 

197 

15.  0 

28.  9 

i  T-  2 

184 

197 

16.  0 

27,  3 

IT- 3 

165 

197 

15,  5 

27,  1 

Average 

185 

197 

15,  5 

27,  8 

Longitudinal  at  500  F 


1L-5 

162 

183 

16,0 

26.  5 

1L-6 

160 

180 

15.  5 

25.  7 

1L-7 

161 

182 

16,  0 

25,  8 

Average 

161 

182 

15.  8 

25.  7 

Tranaveree  at  500  F 


IT- 5 

163 

183 

16.  0 

26.  4 

IT- 6 

162 

183 

16.  0 

26.2 

1  T-7 

162 

182 

15,  5 

25,  9 

1  1  " 

Average 

162 

183 

15,  8 

26.  2 

Longitudinal  at  700  F 


1L-8 

146 

165 

15.  0 

23,  9 

1L-9 

147 

165 

15.  0 

24.  6 

1L-10 

145 

164 

15.  0 

23.  9 

Average 

146 

165 

15.  0 

24.1 

Tranaverae  at  700  F 


IT- 8 

147 

165 

15.  3 

25,  6 

IT- 9 

148 

167 

15.  3 

26,  1 

IT-  10 

147 

165 

15.  0 

26,  2 

Average 


147 


166 

7i 


15.  2 


26.  0 


TABLE  XII.  (Continued) 


Specimen 

0,  2%  Jflaet 

VI..U 

v*  ' — ©  v**> 

k#i 

Ultimate 

'T _ ~  3  „ 

*  v**w«ev  h/  hr  *  n*| 

k»i 

Elongation 

;  -  ■;  t _ l. ..  ~ 

percent 

Tensile 

1/..  - 

pel  x  10^ 

Longitudinal  at  900  F 

IL-li 

124 

138 

16.  0 

22.  0 

1L-12 

12.4 

138 

1  15,7 

21.  1 

1L-13 

1  ;>;> 

138 

15,  5 

21,4 

Average 

123 

i  ■  ■  • 

1  5.  7 

21.  5 

Tranaverae  at  900  F 

IT- 11 

122 

137 

16.  5 

23.  6 

1  T-  1  2 

123 

138 

16.  8 

2.3,  0 

IT- 13 

123 

138 

16.  3 

22.2 

Average 

123 

138 

16.  5 

;  22.  9 

(»)  1026  T  temper;  ipeclmeni  ground  to  0. 22 'inch  thlckneil. 
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TABLE  XIII.  COMPRESSION  RESULTS  FOR  UP  9-4-25  PLATE**' 
AY  FOUR  TEMPERATURES 


0.  2%  Ql'tset  Yield 

wu  *|«f  x  cnajvu 

Modulus. 

ftnMP  i  m*n 

•  ■  i 

Strength;  k»i 

psi  x  10& 

Longitudinal  at  Room  Temperature 


2  L-  1 

200 

30.  0 

.1  L-  2 

200 

in.  1 

1 > 

'  200 

30.  1 

vu  rag*' 

200 

30.  1 

Trangveree  at  Room  Temperature 


2T-  1 

198 

28.  9 

2T-2 

197 

28,9 

2T-3 

197 

29.  0 

' 

Average 

197 

Longitudinal  at  500  F 

28.  9 

2L-4 

178 

28.  4 

2L-5 

179 

28.9 

2L-6 

178 

28.7 

Average 

178 

Trancveree  at  500  F 

28.7 

2T-4 

179 

27.  6 

2T-5 

177 

27.6 

2T-6 

177 

27.  8 

J  " 

Average 

178 

Longitudinal  at  700  F 

27.  7 

2L-7 

164 

28.  0 

2L-8 

163 

28.  0 

2L-9 

165 

27.  0 

1  . 

Average 

164 

27.7 
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TABLE  XIII.  (Continued) 


Compression 

0.  2%  Offset  Yield 

Modulus, 
psi  x  10& 

Specimen 

Strength,  ksi 

Transverse  at  700  F 


2T-7 

164 

26,  7 

2T-8 

164 

25.  8 

2  T-  9 

■  1  M 

26,  8 

Average 

J 

1  6.1 

Longitudinal  at  900  F 

26,  4 

2  L-  1 0 

133 

26.  6 

2L-11 

134 

25.  0 

2L-12 

134 

25.  4 

Average 

134 

25.  7 

Transverse  at  900  F 

2'T-10 

135 

25.2 

2T-11 

13.3 

24.  8 

2T-12 

133 

24.4 

Average 

134 

24.  8 

(a)  iOKt)  P  tempor;  ipecn.icni  (jiound  to  0.22-lnct)  thlckniui. 


TABLE:  XIV.  SHEAR  TEST  RESULTS  FOR  IIP  9-4-25  FLATE<“> 
AT  ROOM  TEMPERATURE 


Specimen 


Ultimate  Shear 
Strength,  ksi 


Longitudinal 


4L-  1 

129 

•I ! 2 

i  1 28 

•  ' ,  ; 

.1.28 

Avu rage 

128 

Transverse 

4T-1 

131 

4T-2 

127 

4T-  3 

125 

Average 

128 

(a)  1026  F  tamper;  ipeclmani  ground  to  0.22-lneh  thlckneii. 
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Elongation,  percent  Strength,  ksi 


FIGURE  32.  EFFECT  OF  TEMPERATURE  ON  THE  TENSILE 
PROPERTIES  OF  HP  9-4-25  PLATE 
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Modulus  of  Elasticity, 


30 

23 

20 

15 


FIGURE  33.  EFFECT  OF  TEMPERATURE  ON  THE  COMPRESSION 
PROPERTIES  OF  HP  9-4-25  PLATE 


57 


Modulus  of  Elasticity,  I06  psi 


APPENDIX  III 


HP  9-4-45  DATA'*1) 


TAUT  tr  VA 7  H  A  T  A  CUPV-'T  TTOT>  UO  O  _  A  _A  C  f>T  A  'T'TT 

X  A  A-4A-A  «  •  ASA  l>A<t  t  A.  A.  W  i  ».  AAA  /  A  AS  A  AS  A  *.  A  Aw 

Condition:  Bainitic 

475  F  6-8  hr 
Thickness:  .25  inch 


Properties 

RT 

Tempera 

300 

.nre,  F 

500 

— 

Tensile 

Ftu  (longitudinal),  kai . 

270 

272 

234 

-  m 

Ftu  (transverse),  kai . 

268 

271 

235 

-- 

Fty  (longitudinal),  kai 

222 

196 

167 

mm 

Fty  (tranaverse),  kai 

224 

197 

166 

— 

«t  (longitud’nal),  percent  in  2  in. 

10.  7 

13.  2 

16,  5 

et  (transverse),  percent  in  2  in. 

10.  0 

11.6 

Is.  7 

... 

Et  (longitudinal),  psi  x  10^ 

27.  1 

26.  8 

24.  6 

Et  (transverse),  psi  x  10^ 

27.  7 

26.6 

24.  9 

m  as 

Compression 

Fcy  (longitudinal),  ksi 

249 

219 

187 

m  m 

F  (transverse),  ksi 

Ec  (longitudinal),  kai 

251 

224 

192 

mm 

29.  3 

28.4 

27.  9 

mm 

Ec  (tranaverse),  kai 

29,  2 

28,  2 

27.  3 

*- 

Impact 

(charpy  v-notch,  ft-lb  (6)* 

Fracture  Toughness  (Kjc) 

16-22 

m  m 

mm 

Shear  Fa 

(longitudinal),  kal  159 

(transverse),  kai  159 


Axial  Fatigue 

103  (Kt-1)  (R-0.  1),  kai 
10*  (Kt-1)  (R-0.  1),  kai 
107  (Kt-1)  (R-0.  1),  kai 

10^  (Kt-3)  (R-0,  1),  kai 
105  (Kt-3)  (R-0.  1),  kai 
107  (Kt"3)  (R-0.  1),  kai 

Creep 


0.  5%  elongation  100  hr,  kai 
0.  5%  elongation  1000  hr,  kal 
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TABLE  XV.  (Continued) 


_ Temperature, 

Properties  RT  300  500 

Stress  Rupture 

Rupture  100  hr,  ksi 
Rupture  1000  hr,  ksi 

Stress  Corrosion 

80  percent  F^ylOOO  hr  max 

Coefficient  of  Thermal  Expansion 

68  to  800  F  6.  2  x  10‘&  in.  /‘n. /*F  (7) 


Density 


0.  28  Ib/cu  in.  (7; 


•  Referencei  are  g.'vsn  on  page  87, 
(a)  Data  are  average  valuer 
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TABLE  XVI.  TENSILE  RESULTS  FOR  HP  9-4-45  PLATE(a) 
AT  THREE  TEMPERATURES 


0.  2%  Offset 

Ultimate 

^Elongation 

Tensile 

Yield  Strength, 

Tensile  Strength, 

in  2  Inches, 

Modulus, 

Specimen 

kei 

ksi 

percent 

psi  x  10& 

Longitudinal  at  Room  Tempi 

srature 

11-1 

222 

275 

9.  0 

27.  0 

1L-2 

222 

268 

12.  0 

27.  2 

1L-3 

223 

268 

11.  0 

27.  1 

Average 

222 

270 

10.  7 

27.  1 

Transverse  at  Room  Temperature 


IT- 1 

223 

268 

10.  0 

27.  6 

IT-2 

223 

268 

10.  0 

28.  1 

IT-3 

225 

268 

10.  0 

27.  5 

Average 

224 

268 

10.  0 

27.7 

Longitudinal  at  300  F 

1L-5 

197 

271 

15.  0 

26.  8 

1L-6 

195 

272 

11.  0 

26.  8 

1L-7 

196 

272 

13.  5 

26.  7 

Average 

196 

272 

13.  2 

26.8 

Transverse  at  300  F 

IT-5 

197 

27 

11.  2 

26.4 

IT-6 

195 

271 

11.5 

26.9 

IT-7 

200 

271 

12.  0 

26.4 

Average 

T97 

271 

11.  6 

26.  6 

Longitudinal  at  500  F 


IT-8 

169 

235 

16.  5 

23.  9 

IT-9 

168 

2  35 

16,  5 

24.  6 

IT- 10 

163 

233 

16.  5 

25.  3 

erago 

167 

234 

16.  5 

24.  6 

TABLE  XVI.  (Continued) 


Cnnni  w  m  m 

EV 

-  ty 

IT 

“  IU 

TT 

Tr&niverae  at  500  F 

IT-8 

167 

237 

15.7 

24.4 

IT-9 

166 

235 

15.7 

25.  5 

IT-10 

166 

234 

15.7 

24.8 

Average 

166 

235 

15.7 

24.9 

(«)  475  P  tcmptii  ipeclmeni  ground  to  0.22-Inch  thlckneii. 


Yield  Strength,  Compression 

Longitudinal  at  Room  Temperature 


2L-3 

249 

29.  1 

2L-11 

249 

29.  3 

2L-12 

249 

29.4 

Average 

249 

29.  3 

Transverse  at  Room  Temperature 

2T-1 

251 

29.  3 

2T-2 

251 

29.  3 

2T-3 

251 

29.  1 

Average 

*51 

29.2 

Longitudinal  at  300  F 

2L-4 

220 

28.  6 

2L-5 

217 

28.5 

2L-6 

220 

28.2 

Average 

219 

28.4 

Transverse  at  300  F 

2T-4 

224 

28.  2 

2T-5 

223 

23.  5 

2T-6 

224 

28.  0 

Average 

224 

28.  2 

Longitudinal  at  500  F 

2L-7 

183 

27.  7 

2L-8 

188 

28.  3 

2L-9 

190 

27.  7 

Average 

187 

27.  9 

Traneveree  ai  500  F 

2T-7 

194 

27.  1 

2T-8 

190 

27.  4 

2T-9 

192 

27.  4 

Average 

192 

27.  3 

It)  478  F  temper!  ipsolmsn  ground  to  O.aa-lnch  thlekniu. 
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TABLE  XVIII.  SHEAR  TEST  RESULTS  FOR 
HP  9-4-45  PLATEU)  AT 
ROOM  TEMPERATURE 


Specimen 

Ultimate  Shear 
Strength,  kei 

4L- 1 

Longitudinal 

157 

4L-2 

161 

4L-3 

156 

Average 

159 

4T-I 

Traneverae 

161 

4T-2 

15S 

4T-3 

159 

Average 

159 

(t)  478  F  tcmpori  ip«clm«m  ground  to  0,88-Inch  thieknc*. 
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Elongation,  %  Strength,  ksi 


_ _ 

- -A  — m 

*e== —  Elo 

igotlon - 

20 


10 


Ttmp#roturt,  F 


FIGURE,  34.  EFFECT  OF  TEMPERATUR1 
PROPERTIES  OF  HP  9-4-45 


0 
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